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Calcium is the most abundant mineral in our body accounting to nearly 1--1.25 kg. Nearly 99% of this is stored in our bones and teeth and is responsible for maintaining the structure and integrity.\[[@ref1]\] The most common disorder affecting the bone is osteoporosis which is characterized by low bone mineral density (BMD) and micro-architectural deterioration of bone tissue resulting in enhanced bone fragility and increased susceptibility to fractures.\[[@ref2]\] The prevalence of low BMD has almost doubled from 1990 (0.12%) to 2010 (0.21%) with regards to the total global burden.\[[@ref3]\] Almost a one-third of fall-related deaths were attributable to low BMD according to the global burden of diseases study 2010.\[[@ref3]\] The prevalence of osteoporosis from 58 countries around the world representing four-fifths of the total world population age 50 years and above was estimated to be around 3% and 10% in men and women 50--59 years of age, respectively. This percentage increased to 6% and 19% in age group 60--69 years, 9% and 35% in 70--79 years, and, 19% and 51%, respectively, in people 80 years of age and above.\[[@ref4]\] A systematic review and meta-analysis reported that the median cost for treatment of osteoporosis-related hip fracture is \$2943 which represents 18.95% of the Asian countries' 2014 gross domestic product per capita.\[[@ref5]\] Various studies have shown that adequate dietary calcium intake (DCI) and moderately increased physical activity if maintained for long term improve considerably the mechanical competence of the skeletal system.\[[@ref6][@ref7]\] Studies have also shown a significant positive correlation between the physical activity levels and various types of fractures such as hip fracture, vertebral fracture, and Colle\'s fracture.\[[@ref8][@ref9]\] The American Diabetes Association advises adults to carry out a minimum of 150 min/week moderate intensity aerobic exercise which would increase the heart rate by 50%--70% from baseline and the exercise should be carried out over a minimum of 3 days a week with no more than 2 consecutive days of no physical activity.\[[@ref10]\] In a recent ICMR-INDIAB study which was done among 14,227 individuals from four regions of India, namely, Tamil Nadu, Chandigarh, Maharashtra, and Jharkhand, 54.4% of them were inactive.\[[@ref11]\] Similarly, various studies from the neighboring states of Tamil Nadu\[[@ref2][@ref12][@ref13]\] and Andhra Pradesh\[[@ref14]\] have reported poor DCI. To the best of our knowledge, the data regarding DCI among adults in Karnataka, India, are limited and the data in men are scarce. There are no current guidelines in India regarding calcium supplementation in adults and we hypothesize that DCI would be less than the Recommended Dietary Allowance (RDA), that is, 800 mg/day of DCI in postmenopausal women and 600 mg/day for other adult women and all men.\[[@ref15]\] Since calcium has a large number of homeostatic functions and also has close association with osteoporosis, we felt it is important to estimate the average DCI along with daily physical activity levels among both genders in our cultural setting.

Methodology {#sec1-2}
===========

This was a cross-sectional study that was conducted in a tertiary care teaching hospital in Bengaluru, a south Indian metropolitan city, between November 2016 and October 2017. The primary objective of the study was to determine the DCI, physical activity levels, and their determinants among adults (age ≥18 years) inpatients and normal relatives from the department of orthopedics. All consenting adults whose domicile was Bangalore, Karnataka, for the past 5 years at least were included to maintain homogeneity in the participant\'s cultural activities including dietary habits. Subjects who were seriously ill, diagnosed with psychiatric illnesses with loss of insight or major neurocognitive disorder, and those with pre-existing clinician diagnosed conditions such as metastatic cancer, chronic kidney disease, hypothyroidism due to any cause, liver cirrhosis, surgical menopause, chronic diarrhoea, and other diseases with impaired entero-hepatic circulation, where we anticipate that the participant would already have undergone formal nutrition advise to enhance DCI, were excluded.

Based on a study done among 106 postmenopausal women by Raj *et al*.\[[@ref12]\] in an urban city in Tamil Nadu, the standard error of mean in our population was estimated to be around 30 mg/day. The sample size calculated with an alpha error of 5%, power 80%, and an estimated error (d) of 4 mg/day using the formula *n* = \[1.96^2^ × (SEM/√*n*)^2^\] was 217. Accounting for 10% non-responders and rounding off, the final sample size was increased to 250. A maximum of five participants were randomly chosen (using random number table) from the inpatient register maintained in the orthopedics ward on 2 randomly chosen days (lottery method) in a week till the calculated sample size was reached. If the chosen patient was found ineligible, one of their normal relative who fulfils the eligibility criteria was chosen.

After obtaining written informed consent, a pretested semi-structured questionnaire was administered which contained the following sections, namely, basic and demographic details, calcium food frequency questionnaire, questions pertaining to physical activity levels, and knowledge regarding DCI. The food frequency questionnaire used to assess DCI was validated for use among south Indian people in comparison with the dietary record dairy of 5 days and laboratory values of serum calcium.\[[@ref13]\] Using this questionnaire, the average daily intake of each food item was assessed in grams and DCI was calculated per 100 grams of the specified food item. We also assessed participants for using calcium supplements but were not included under DCI, rather reported separately. The short version of the International Physical Activity Questionnaire (IPAQ) was used to measure the physical activity levels. IPAQ short version has four questions on duration (in minutes per week) of having performed a high-intensity activity, moderate-intensity activity, walking, and sitting.\[[@ref16]\] IPAQ was supplemented with the show cards designed by the World Health Organization describing the intensity of physical activity. Metabolic equivalent of tasks were calculated and participants were classified into low, moderate, and high physical activities based on the criteria prescribed in IPAQ.\[[@ref17]\] The knowledge questionnaire comprised 10 multiple-choice questions pertaining to food items rich in calcium, the RDA, and clinical significance of poor DCI. After formal assessment, all patients were taught on how to enhance DCI in their regular diet and on the importance of good physical activity for optimum health. Those found with poor DCI along with risk factors for osteoporosis were referred back to the treating surgeon with a request to evaluate for possible osteoporosis. The study was approved by the Institutional Ethics Committee (reference No. 178/2016).

Data entry was done in Epi Info™ software version 7 (CDC, USA; 2011). Statistical analyses were performed with IBM\'s Statistical Package for Social Sciences (SPSS) version 20 (IBM Corp., USA; 2011). Sociodemographic characteristics, DCI levels, and levels of physical activity were summarized using descriptive statistics. The predictors of poor DCI (DCI \< RDA) were subjected to a univariate analysis. Those predictors whose significance levels (*P*-value) were less than 0.2 were subjected to a multivariate analysis using appropriate regression models. In the same manner, multivariate analysis for predictors of low physical activity (LPA) and poor knowledge were computed. Statistical significance was set at *P*-value less than 0.05.

Results {#sec1-3}
=======

A total of 318 patients were screened and 252 patients were enrolled. The mean \[standard deviation (SD)\] age of the study participants was 59.05 (12.61) years. More than half of the participants were elderly, above the age of 60 years. Diabetes mellitus (34.5%) and hypertension (32.1%) were the two most common comorbidities. The other sociodemographic features of the study population are enumerated in [Table 1](#T1){ref-type="table"}. The mean (SD) DCI was 499.94 (251.52). The prevalence \[95 confidence interval (CI)\] of poor intakers of DCI (DCI \< RDA) was 76.6% (70.9, 81.7). About 43.25% of all study participants (33.33% of all men and 53.66% of all women) were taking calcium supplements. However, only 43.52% of all participants with poor DCI (32.61% of all men with poor DCI and 53.47% of all women with poor DCI) were on supplements.

###### 

Demographic characteristics
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The results of univariate and multivariate analyses of the barriers for an adequate DCI are tabulated in [Table 2](#T2){ref-type="table"}. Male gender, age 60 years and above, being married, poor education, unemployment, lower Kuppuswamy\'s socioeconomic status (SES), and poor knowledge score were considered for univariate analysis. Apart from education and unemployment, all the other factors were subjected to binary logistic regression. The barriers \[adjusted odds ratio (aOR) (95% CI)\] identified were male gender \[2.189 (1.125, 4.257)\], 60 years of age and above \[1.988 (1.067, 3.705)\], and low knowledge score \[1.240 (1.093, 1.407)\].

###### 

Predictors of poor dietary calcium intake
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The mean (SD) knowledge score computed was 3.73 (2.66). The proportion (95 CI) of participants having poor knowledge, that is, less than 50% of the maximum score, was 55.2% (48.8, 61.4). The univariate and multivariate analyses of predictors of poor knowledge are depicted in [Table 3](#T3){ref-type="table"}. The significant predictors \[aOR (95 CI)\] were female gender \[2.630 (1.519, 4.554)\] and poor education \[2.701 (1.405, 5.194)\]. With regard to physical activity levels, the proportion (95 CI) of patients who were categorized as having LPA was 44.0% (37.8. 50.4), whereas 30.2% (24.6, 36.2) and 25.8% (20.5, 31.7) were categorized as having moderate and high physical activity, respectively. The predictors for LPA \[aOR (95 CI)\] that were identified were marital status, being single \[1.853 (1.047, 3.282)\], and low SES class \[1.209 (1.002, 1.458)\] which are s enumerated in [Table 4](#T4){ref-type="table"}.
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Predictors of poor knowledge
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Predictors of low physical activity
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Discussion {#sec1-4}
==========

The mean DCI intake of around 500 mg/day is below the RDA for all adults. About three-fourths of the study population were assessed to be taking DCI below the RDA. These findings are similar to those reported from other studies in the neighboring south Indian states of Tamil Nadu and Andhra Pradesh. Raj *et al*. in the year 2015 using the same validated questionnaire reported that the mean (SD) DCI intake among 106 urban postmenopausal women from Tamil Nadu was 632.72 (28.23) mg/day and the prevalence of people with low DCI was 74.5%.\[[@ref12]\] Malathy *et al*. using similar methodology reported that the mean (SD) of DCI among residents of Chennai city, Tamil Nadu, was 707.14 (107.96) mg/day.\[[@ref13]\] The third study from Tamil Nadu which was done among semi-urban post-menopausal women using 24-h dietary recall method reported a mean (SD) DCI of 398.76 (190.13) mg/day.\[[@ref2]\] The study by Harinarayan *et al*. from Tirupathi, Andhra Pradesh, using a 5- to 7-day dietary recall method reported that the mean (standard error) of DCI among urban and rural men was 328 (8) and 271 (3) mg/day, whereas in women it was 306 (2) and 262 (3) mg/day, respectively.\[[@ref14]\] Another study conducted among three different groups of construction workers in Delhi, north India, reported a mean average DCI between 400 and 500 mg/day.\[[@ref18]\] Our findings also corroborate with the report from a recent systematic review of 78 studies covering 74 countries and the best estimate of DCI ranged from 175 mg/day (Nepal) to 1233 mg/day (Iceland) among general population. Notably, there was a definitive pattern globally with many countries in the south, east, and southeast Asia having low DCI (\<400 mg/day) while those from Africa and south America having moderately low DCI (400--700 mg/day). On the other hand, all countries which had a DCI \>1000 mg/day were from northern Europe.\[[@ref19]\] With regard to calcium supplementation, we see that only around 43% of those with poor DCI are on supplements and also men were using supplements less comparatively than women.

We report that men and elderly have approximately two times the increased odds of having poor DCI. For long time now, the focus was on perimenopausal women as they were at higher risk of developing osteoporosis due to the decreasing oestrogen levels,\[[@ref20]\] and it is rather interesting to find that women have a lesser chance than men in being poor consumers of calcium-rich diet according to our findings. Reports also suggest that men were about 75% less likely to receive treatment of osteoporosis when compared with women. Only 1% of the male population have their BMD assessed.\[[@ref21]\] Another report from Australia has pointed out that only 24.1% of men who experienced two consecutive fractures within a time frame of less than 1 year received treatment.\[[@ref22]\] Men are also at higher risk of experiencing worse outcomes than women after a fracture.\[[@ref21]\] For example, men are twice likely to die than women after a hip fracture.\[[@ref23]\] Furthermore, 42% of all fall-related injuries lead to fractures of the femur, pelvis, arm and forearm which are the most common causes of geriatric mortality.\[[@ref24]\] It is well known that fall among elderly is common and the prevalence of fall in elderly in India is estimated anywhere between 14% and 53%.\[[@ref25]\] We therefore would like to reiterate the fact that men also should be equally screened for osteoporosis and its risk factors such as poor DCI or LPA, more so in the geriatric age group, and appropriate treatment comprising diet and lifestyle-related education, calcium supplementation, or anti-resorptive medications be initiated on a timely basis.

Poor knowledge on calcium-rich diet and its importance was the third risk factor of poor DCI which was identified in our study. For every unit fall in the knowledge score, there was a 20% increased chance of poor DCI intake. This finding again is consistent with the findings by Raj *et al*. wherein poor knowledge had an increased chance of nearly five times for poor DCI.\[[@ref12]\] A regression analysis to identify the risk factors of poor knowledge revealed that female gender and lower educational status were the two main factors that increased the odds by approximately 2.6 and 2.7 times, respectively. Education and knowledge go hand in hand. According to the 2011 census of Karnataka state, the literacy rate of women in the state was 68.08% when compared to men at 82.47%.\[[@ref26]\] As mentioned, women in the perimenopausal age group have increased chances of osteoporosis, and our findings with regard to knowledge serves as a reminder to all physicians to continue educating women with poor educational background on the importance of adequate DCI and physical activity.

Besides DCI, the second most important modifiable risk factor of osteoporosis is LPA. The majority (44%) were classified as LPA. This is, however, less than that reported from other studies in India. The prevalence of LPA in the ICMR-INDIAB study was 54%.\[[@ref11]\] A study by Tripathy *et al*. among 5127 participants from Punjab reported that 29.2% and 32.6% of respondents reported light levels of physical activity in urban and rural areas, respectively.\[[@ref27]\] Similarly, another study from Kerala has reported that LPA was seen in 65.8% of the 240 study participants.\[[@ref28]\] The risk factors for LPA identified in our study were marital status being single (unmarried/spouse expired), and SES class. Marital status being single had an increased odd of approximately two times, while low SES demonstrated an increased odd by 23% to have LPA.

The strengths of our study are that it is the first of its kind to assess DCI among participants who have their domicile in Karnataka, India. Our study also throws light on the status of DCI among men. Third, we have used a food frequency questionnaire to assess DCI that has been validated specifically among the people of south India. However, it is not considered the gold standard since it does not objectively measure DCI and the estimation is purely based on the last weeks' dietary intake. Therefore, the estimate obtained may not necessarily be representative of the participants' long-term dietary habits which would be a more important determinant of bone health. The other limitation is that LPA was assessed using a validated questionnaire which could have been assessed using advanced devices such as calorimetry\[[@ref29]\] that could estimate physical activity objectively and prospectively. Finally, this study was hospital-based.

Conclusion {#sec1-5}
==========

The mean DCI (\~500 mg/day) of our population was below the RDA, and approximately three-fourths of them were poor dietary intakers of calcium. Elderly, especially men form the high-risk group for poor DCI. Prompt dietary assessment with equal importance to men should be done at the primary care level, and wherever appropriate, calcium supplementation, lifestyle modification education, or anti-osteoporosis therapy be initiated. Women with poor literacy are vulnerable due to their lack of knowledge on importance of adequate DCI, and hence this group should naturally become the target for intense dietary education. The majority (44%) are still classified as having LPA and the high-risk groups being marital status -- single and those in lower SES class. We believe a good understanding and knowledge of the various risk factors for poor DCI and LPA by the primary care physicians among the local population these physicians cater to will go a long way in prevention of osteoporosis and related bone fractures. We further recommend much larger studies making prospective measurements of DCI and LPA involving people of varied cultural diversities of India to be conducted which would enable us to make policy-level decisions especially with regard to calcium supplementation.
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